Surveys (in 2002 and 2003) were performed for fungal endophytes in roots of 24 plant species growing at 12 sites (coastal and inland soils, both sandy soils and salt marshes) under either water or salt stress in the Alicante province (Southeast Spain). All plant species examined were colonized by endophytic fungi. A total of 1830 fungal isolates were obtained and identified by morphological and molecular [internal transcribed spacer (ITS) and translation elongation factor-1a gene region (TEF-1a) sequencing] techniques. One hundred and forty-two fungal species were identified, belonging to 57 genera. Sterile mycelia were assigned to 177 morphospecies. Fusarium and Phoma species were the most frequent genera, followed by Aspergillus, Alternaria and Acremonium. Fungal root endophytic communities were influenced by the soil type where their respective host plants grew, but not by location (coastal or inland sites). Fusarium oxysporum, Aspergillus fumigatus and Alternaria chlamydospora contributed most to the differences found between endophytic communities from sandy and saline soils. Host preference was found for three Fusarium species studied. Fusarium oxysporum and Fusarium solani were especially isolated from plants of the family Leguminosae, while Fusarium equiseti showed a preference for Lygeum spartum (Gramineae). In some cases, specificity could be related to intra-specific variability as shown by sequencing of the TEF-1a in the genus Fusarium.
Introduction
Endophytic fungi have been found colonizing all plant species studied, and have usually been defined as those growing asymptomatically within the tissues of their host plants, excluding pathogenic fungi and mycorrhizae (Carroll, 1986 ). These organisms seem to play a wide range of ecological roles and participate in interactions with host plants, constituting a continuum from mutualism to parasitism (Saikkonen et al., 1998; Schulz & Boyle, 2005) . Schulz et al. (1999) postulated that the endophyte-host interaction is a balanced antagonism in which the nonpathogenic relationship depends on an equilibrium between fungal virulence and plant defences. This relationship may change depending on the environmental conditions (Johnson et al., 1997) . Therefore, a more practical definition was given by Sieber (2002) , who defined root endophytes as those fungi located within apparently healthy, functional root tissues at the moment of sample collection.
Colonization by endophytic fungi may confer benefits to the host plants by means of growth promotion, protection against diseases or pests or assistance in phosphorus uptake (Sieber, 2002) . Endophytic colonization may also improve the ecological adaptability of the host by enhancing tolerance to biotic and abiotic stresses (Schulz & Boyle, 2005) .
Little is known about the abundance, habitat or host preferences of endophytic fungi, and the ecological importance of these associations in Mediterranean environments (Girlanda et al., 2006) , especially in the Iberian Peninsula, in comparison with other biogeographical regions. Owing to its geographical location in the SE of the Iberian Peninsula, Alicante has very specific climatic characteristics.
These include: extended summer drought, followed by torrential rains, very irregular distribution of rainfall (usually o 300 mm annually) and high temperatures. These climatic characteristics are key factors in soil formation and therefore in the establishment of a vegetation with a high degree of endemism. The plant species selected for this work grow in soils where they have to withstand water or saline stress, due to climate as well as substrate constraints. Regarding sample locations, coastal and inland sandy soils both have an eolian origin, but the former are subjected to marine influence. Furthermore, the coastal and inland salt marshes selected for this investigation are different in both geomorphology and soil formation. Desertification can become a serious problem where the precipitation regime is particularly erratic, and this is combined with anthropogenic pressure exerted over a long time. Desertified Mediterranean ecosystems are very fragile and subject to progressive disturbance of the vegetation cover and to rapid soil erosion. Little is known about root endophytic populations in these environments. Therefore, understanding the role of endophytic colonization of plants growing in these fragile environments is of great importance, because this has been shown to alleviate abiotic stresses (Barrow & Aaltonen, 2001; Redman et al., 2002) . Furthermore, the possibility of finding specific fungal isolates with biocontrol potential or producers of specifically useful secondary metabolites is another merit for studying these specific environments.
In the present study, natural vegetation for fungal root endophytes in environments under water and saline stresses for fungal root endophytes were surveyed. We decided to study 24 plant species in 12 locations to obtain an overview of the endophytic colonization. Surface-sterilization and culture methods have been used for the study of root endophytic communities of these environments, rather than cultivation-independent methods, which do not yield colonies of the studied endophytes for future work. The authors have focused on the presence of the genus Fusarium as root endophytes. This genus has been found to be the most frequent group of endophytes in this survey. Fusarium spp. are difficult to identify to the species level using morphological characters (Mishra et al., 2003; Geiser et al., 2004; Summerell & Leslie, 2004) , and therefore the translation elongation factor-1a (TEF-1a) gene was chosen as a marker sequence to distinguish between the species isolated and to perform phylogenetic analyses, which separate clusters of fusaria from different locations.
Materials and methods

Sampling sites and plant material
A total of 12 natural sandy soils and salt marshes in Alicante Province (SE Spain) were sampled. Sandy soils and salt marshes from this region have been characterized previously (de la Torre Garcia & Alías Pérez, 1996; Alvarez Rogel, 1997 and Playa del Altet (n = 72, UTM YH1640); five were inland sandy soils: Arenal de Biar (n = 144, UTM XH9376), Cantera de Peña Rubia (n = 120, UTM XH9075), Peña Rubia (n = 168, UTM XH9075), Arenal de Petrer (n = 144, UTM XH9465) and Arenal de Villena (n = 96, UTM XH9779). Three sites were coastal salt marshes: Aguamarga (n = 96, UTM YH1639), Clot de Galvany (n = 72, UTM YH1535) and Salinas de Santa Pola (n = 168, UTM YH0726), and finally two were inland salt marshes: Saladar de San Vicente (n = 144, UTM YH1250) and Saladar de Villena (n = 120, UTM XH8080). Twenty-four plant species belonging to 14 families were selected (Table 1) . The species sampled were characteristic of the plant communities present in each sampling area. In this paper, it was decided to use 'environment' to describe coastal sandy soil, inland sandy soil, coastal salt marsh and inland salt marsh; 'soil type' describes sandy soil and salt marsh and 'location' describes coastal and inland.
Sampling and fungal endophyte isolation
In 2002, one plant per species and area (63 plants in total) was sampled (preliminary survey). In 2003, three plants per species and area were sampled (189 plants in total), which were at least 10 m apart. Asymptomatic mediumsized plants were selected. Whole plants and associated rhizosphere soil were stored in plastic bags at 4 1C in the dark until processing, never longer than 48 h after sampling.
Root material was washed under running tap water to remove soil debris and then surface-sterilized in 1% NaOCl for 1 min, followed by three rinses in sterile distilled water for 1 min each. Root samples were then cut into c. 1 cm pieces. Six root pieces were selected at random, blotted onto a sterilized filter paper, plated in Petri dishes with corn meal agar (CMA, BBL, Sparks, MD) and incubated in darkness at 25 1C. The surface sterilization method was tested in six plant species representing most of the root structures sampled in this work (Arthrocnemum macrostachyum, Limonium cossonianum, Lygeum spartum, Ononis natrix, Sporobolus pungens and Teucrium dunense) by imprinting the root piece onto fresh CMA before plating. No colony development was observed on the root imprints, and hence 
Identification of isolates according to morphology
The fungi isolated were identified from colonies growing on CMA, potato dextrose agar (PDA, Oxoid, Hampshire, UK), 2% malt extract agar (MEA, Scharlau, Barcelona, Spain), oat agar (OA) and potato carrot agar (PCA) (Gams et al., 1998) . Identification of Fusarium isolates was carried out on synthetic nutrient-poor agar (SNA) (Gams et al., 1998) . For identification of Aspergillus and Penicillium isolates, Czapek yeast agar (CYA), Czapek yeast agar with 20% sucrose (CY20S), Czapek-Dox agar (CZ) and 2% MEA (Samson et al., 2000; Klich, 2002) were used. Plates were incubated at both 25 and 37 1C.
Cultures were examined periodically for reproductive structures and identified as they sporulated. After several months, nonsporulating cultures were considered sterile mycelia and assigned to morphospecies according to colony growth habit on PDA.
Molecular characterization of endophyte isolates
The identification of some groups of endophytes, difficult to identify by morphological characters, and of those from the genus Fusarium was confirmed by means of molecular methods. Internal transcribed spacer (ITS) sequences were used to characterize non-Fusarium isolates, while the TEF-1a region was used for Fusarium isolates. Representative isolates of each group of endophytes were selected for DNA extraction and sequencing. Isolates were inoculated using three plugs (5 mm Â 5 mm) taken from the edge of a growing colony in 250 mL flasks containing 100 mL liquid medium (0.3% yeast extract, 0.3% malt extract, 0.5% peptone, 2% dextrose). Inoculated flasks were incubated for 3-4 days at 25 1C on a rotary shaker (120 r.p.m.). The mycelium obtained was collected by filtration through Millipore filters (0.22 mm), frozen in liquid nitrogen and lyophilized. The method for genomic DNA extraction was performed as described in Abdullah et al. (2005) . The DNA was stored at À 20 1C until use.
Primers ITS4 (5 0 -TCCTCCGCTTATTGATATGC-3 0 ) and ITS1-F (5 0 -CTTGGTCATTTAGAGGAAGTAA-3 0 ) were used for amplification of the ITS region, and the EF1 (5 0 -ATG GGTAAGGA(A/G)GACAAGAC-3 0 ) and EF2 (5 0 -GGA(G/ A)GTACCAGT(G/C)ATCATGTT-3 0 ) primers were used for amplification of the TEF-1a gene region (O'Donnell et al., 1998; Geiser et al., 2004) . Amplification was carried out in 40 mL, containing 4 mL of 10 Â Thermo buffer, 4 mL dNTP (Deoxyribonucleotides, Sigma-Aldrich, St Louise, MO) (0.2 mM final concentration), 3.2 mL MgCl 2 (2 mM), 0.1 mL of Amplitaq DNA polymerase (Perkin-Elmer, Norwalk, CT) (0.5 U mL À1 ) and 2 mL of each of the primers (0.5 mM) in sterile double-distilled water to 20 mL, and 20 mL (100ng) DNA template was added to each tube. The PCR reaction was performed in a GenAmp 9700 thermal cycler (Perkin-Elmer) using the following conditions: initial denaturation for 8 min at 95 1C, 35 cycles of 30 s of denaturation at 95 1C, 20 s of annealing at 53 1C and 60 s of extension at 72 1C; this was followed by a final extension for 5 min at 72 1C. The PCR products were separated on a 1.2% agarose gel, stained with ethidium bromide and viewed under UV light. PCRamplified fragments were purified using QIAquickPCR (QIAGEN) columns following the manufacturer's instructions. PCR purified products were quantified using Hoechst fluorocrome and calf thymus DNA according to Ausubel et al. (2002) and then amplified using the Big Dye Terminator mix (Applied Biosystems, Foster City, CA) according to the specifications of the manufacturer, and samples were sequenced in an Abi Prism 3100 sequencer (Applied Biosystems). The sequences obtained in the previous steps were first analysed with the software SEQUENCHER (Gene Codes Corp., Ann Arbor, MI). Sequences were edited discarding their final part, and consensus sequences based on the sequences of both primers were constructed. Consensus ITS sequences were compared with available sequences at the NCBI GenBank database (http://www.ncbi.nlm.nih.gov/blast/Blast. cgi). TEF-1a sequences were introduced as a query in the BLAST tool at the database FUSARIUM-ID v.1.0 (http:// fusarium.cbio.psu.edu) (Geiser et al., 2004) . Sequences of the ITS and TEF-1a regions for the processed isolates were included in GenBank with the accession numbers DQ865086-DQ865113 and DQ854847-DQ854941, respectively.
Phylogenetic analyses
Out of the 95 TEF-1a sequences obtained, 87 sequences representing all the Fusarium species obtained, except F. heterosporum, and their closest FUSARIUM-ID v.1.0 database matches (15 sequences) were aligned using the software CLUSTAL X and optimized manually. A phylogenetic tree was constructed based on the Neighbour-joining (NJ) method, following the Kimura two-parameter model using the program MEGA version 3.1 (Kumar et al., 2004) . Bootstrap analysis was performed using 1000 replicates.
Data analysis
Standard statistical methods were applied to the data set using the SPSS 13.0 software for Windows. Because the results from the 2002 survey (preliminary) did not contain replicates, they were not analysed. One-way ANOVA was performed to detect significant differences between samples. Multiple comparisons were performed by means of the least significant difference (LSD) or Tamhane's T2 tests, assuming a significance level of P = 0.05. A rank-dominance plot was also constructed to represent the structure of the root endophyte communities in the four environments studied.
Multivariate techniques were applied using the PRIMER 5 software for Windows (Plymouth Routines in Multivariate Ecological Research, Plymouth Marine Laboratory, UK). Owing to the high variability in species counts in replicate sampling between conditions and the large number of fungal species or morphospecies that could be considered as rare, a fourth root transformation of the data was applied. Species or morphospecies that appeared less than three times in the survey were excluded. A Bray-Curtis dissimilarity matrix of the data was constructed and analysis of similarities (ANOSIM) (Clarke & Green, 1988; Clarke, 1993) was applied to differentiate between environmental variables using 10 000 random permutations in each case. First, oneway ANOSIM was performed to compare the surveys from 2002 and 2003. Because no significant differences between the 2 years were found, data from 2002 were considered to be another replicate from the survey for further analysis. One-way ANOSIM was applied to discriminate differences between pairs of plant species sampled. A two-way nested ANOSIM was applied to compare plant species within sampling site and sampling site within soil type/location. Ordination of the averaged samples in each case was performed using nonmetric multi-dimensional scaling (MDS) (Kruskal & Wish, 1978) or hierarchical agglomerative clustering.
The distribution of endophytic species was examined only for the most frequent species or morphospecies (isolation rate higher than 1%) found. For the environmental conditions that were previously found to be significantly dissimilar, a separate species contribution to this dissimilarity between pairs of groups was obtained using the similarity breakdown method, as well as its contribution to its group similarity. This method computes the average (dis)similarity between pairs of intergroup samples, and then breaks this average down into the separate contributions from each species to the (dis)similarity (Clarke & Warwick, 1994) , in order to find discriminating species between groups. Boxplots were used to investigate possible site or host preferences by the most frequent Fusarium species.
Root microscopy
Direct observation of natural host root colonization by endophytic fungi (2003 survey) was carried out using light microscopy as in Bordallo et al. (2002) . Six to eight root pieces (c. 0.5 cm long) per plant species and location (a total of c. 450 root pieces) were cut from each root system and embedded for cryomicrotomy (TFM, Electron Microscopy Sciences, Washington, PA) in metallic stubs (1 cm diameter), and frozen at À 20 1C in a Leica CM1510 cryomicrotome. Longitudinal sections (50 mm thick) were cut and placed on precooled microscope slides. Root sections were then washed in two droplets of distilled water to remove the embedding medium and stained in a droplet of 0.1% cotton blue in lactic acid for 1 min. The excess stain was removed with distilled water and the sample was blotted onto a filter paper. The sections were then placed on a clean slide, mounted in polyvinyl alcohol (PVA) and covered with a coverslip. The preparations were incubated for 4 days at 40 1C for the PVA to polymerize (Gams et al., 1998) .
Root samples on microscope slides were observed and photographed with an Olympus BH-2 microscope, equipped with a Sony videocam with appropriate software. Endophytic growth was recorded and referred to the total number of samples observed. Roots of all plant species examined were colonized by endophytic fungi. A total of 142 fungal species were identified, belonging to 57 genera. Sterile mycelia were assigned to 177 morphospecies. Species isolated at rates higher than 0.2%, with their respective isolation percentages per year and environment, are shown in Table 2 . Fusarium and Phoma were the most frequent (P o 0.05) root endophytic genera, followed by Aspergillus, Alternaria and Acremonium. All of them showed a relatively high frequency for all environments, with similar isolation rates in the different environments in both surveys. Genera such as Penicillium, Monosporascus, Cylindrocarpon, Embellisia, Chaetomium, Phomopsis, Phialophora, Rhizoctonia and others were also frequent, but absent at least in one of the environments in one of the surveys. Most species found were represented by few isolates (Fig. 1) , especially the morphospecies, with an overall isolation rate, in the entire survey, of 46%, of which 37.3% of the morphospecies were represented by one isolate, and 27.3% by two isolates.
Results
Composition of the endophytic communities
To discriminate the environmental variables, sites and plants sampled on the basis of their endophytic species composition, multivariate methods based on dissimilarity coefficients calculated between every pair of samples were used. One-way ANOSIM of the isolation data for the 2002 and Table 2 . List of fungal root endophyte species with an overall isolation percentage higher than 0.2% 
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Fungi from which TEF-1a gene sequences were used for identification or to confirm morphological identification. GenBank accession numbers DQ854847-DQ854941.
w Fungi from which ITS gene sequences were used for identification or to confirm morphological identification. GenBank accession numbers DQ865086-865113. Only genus name is given (e.g. Paecilomyces sp.) when no high homology was found to a species or because the entry was only identified to the genus level. ences between the 2 years, with a P 4 0.9; therefore, 2002 data were used as a replicate in the following analyses.
Ordination of the sampled plant species, according to the Bray-Curtis dissimilarities found between their root endophyte communities, using MDS analysis, showed two groups of plants depending on their occurrence on sandy soils or salt marshes (Fig. 2a) . This separation was not clearcut, because the stress value obtained was high (0.22) and therefore these data should be taken with care. However, the largest significant differences were found between pairs of plants growing in different soil types, i.e. sandy soils vs. salt marshes (Table 3) . A dendrogram constructed with the dissimilarity indices of endophytic communities among the different sampling sites again separated sites in sandy soils from those in salt marshes (Fig. 2b) . No clear separation was found for coastal and inland locations. Significant differences were found between sites inside the same cluster, but these were more often found between sites of different soil types (Table 4) . When data of endophyte communities dissimilarities were grouped according to soil type, separation was clearer due to the increase in the sample size (Fig.  2c ). Significant differences in soil type (diss = 67.4) were found, with a P o 0.05, while no differences were found between coastal and inland locations (diss = 64.2), with a P 4 0.99.
Distribution of the fungal endophytic species
Only 22 species or morphospecies showed an overall isolation rate higher than 1% (Table 5 ). These species mostly belonged to some of the most frequently isolated fungal genera. Fusarium oxysporum was the most frequently isolated species from most sites, particularly from coastal sandy soils (P o 0.05). Acremonium furcatum and Acremonium potronii were only isolated from sandy soils and were more frequent (P o 0.05) in coastal zones. Embellisia chlamydospora, Phoma leveillei and Rhizoctonia-like isolates were more frequent in inland sandy soils, and Alternaria chlamydospora was more common in coastal salt marshes (P o 0.05) in Salinas de Santa Pola. Aspergillus fumigatus and Monosporascus cannonballus were more frequent in inland salt marshes, with Aspergillus fumigatus especially common in Saladar de Villena. Cylindrocarpon destructans showed a higher presence (P o 0.05) in the sandy soil from Arenal de Dendrogram of the 12 sampling sites, using group-average clustering from Bray-Curtis dissimilarities on fourth root-transformed isolation rates (abbreviations as in Table 4 ). (c) Dendrogram of the four environments sampled for fungal root endophytes (coastal sandy soils, inland sandy soils, coastal salt marshes and inland salt marshes), using groupaverage clustering from Bray-Curtis dissimilarities on fourth root-transformed isolation rates. Biar. Fusarium solani showed a preference for sandy soils, especially in coastal locations, while Fusarium equiseti occurred preferentially in coastal salt marshes. The contribution of each of these species to the dissimilarity of the soil types (the only environmental variable where significant differences were found) was assessed by the dissimilarity breakdown method (Table 5) . Fusarium oxysporum was the fungal species that contributed the most to the dissimilarity between the two soil types studied with 14.23%. This was due to its high frequency in sandy soils, contributing with 50.02% to the similarity between the sites under these conditions. Aspergillus fumigatus and Alternaria chlamydospora were the second most important contributors to this dissimilarity due to their high frequency in salt marshes, contributing to the similarity in this soil type with 24.3% and 32.49%, respectively. The rest of the species had minor contributions to the dissimilarity because they were much less frequent. Site and host preference of Fusarium species
Of the 12 species identified, the focus was on the three ubiquitous Fusarium species; F. equiseti, F. oxysporum and F. solani. The preference of these species for a certain sampling site or plant species was analyzed using boxplots ( Fig. 3a and b, respectively) . Possible intraspecific preference of these species was studied with the construction of a TEF1a gene region-based dendrogram (Fig. 4) . Fusarium oxysporum was the only species of the genus that appeared regularly, occurring in 11 of the 12 sampling sites, and in 18 plant species out of the 24 sampled. It was significantly more common (P o 0.05) in the coastal sandy soil Dunas de Carabassí and in the Leguminosae Lotus creticus than in the other sites (Fig. 3b) . Within this species, a subcluster was found in the N-J tree that grouped together most of the isolates obtained from coastal sandy soils (Fig.  4A) , irrespective of the isolation plant or site.
There were large differences in the isolation rates of F. solani between the 2 years, being much more frequent in 2003 than in 2002 (Table 2 ). This species also seemed to have a preference for the plant family Leguminosae, being significatively more isolated from the species O. natrix ssp. ramosissima at coastal sandy soils (P o 0.05), especially from the site Arenal de Biar (Fig. 3a) . In this case, a strong clustering in the dendrogram separated the isolates obtained from this plant at Arenal de Biar from the rest of the F. solani isolates (Fig. 4B and C) .
Fusarium equiseti occurred in 2002 in the plants Crucianella maritima and Lygeum spartum, in coastal sandy and salty soils, respectively. In 2003, it was again isolated from L. spartum with a relatively high frequency both in coastal and in inland salt marshes, and less commonly in four other plant species (Table 2) . Overall isolation data showed a significantly higher occurrence in L. spartum than in the rest of the plant species (P o 0.05, Fig. 3b ). Fusarium equiseti was separated into different clusters in the dendrogram according to the TEF-1a region ( Fig. 4E and F) ; one of them included all the isolates from coastal sandy soils (Fig. 4F) .
Other Fusarium species were identified (Table 2 , Fig. 4 ), but appeared randomly along the survey without a clear preference for any environment or plant, probably due to their low isolation rate. In one case, a subclustering was observed in the dendrogram (Fig. 4D ), but this separation may not be significant due to the low number of isolates considered.
Microscopy of the roots
Sixty-seven percent of the examined root samples showed endophytic colonization as assessed by direct microscopy. Seventy-one percent of the roots observed from sandy soils and 62% from salt marshes contained fungal endophytes. Inter-and intracellular hyphae were seen in both cortical and epidermal root cells (Fig. 5a and b) . Hyphae colonizing root hairs and hyphal swellings similar to appressoria were observed both on epidermal and cortical cells (Fig. 5c and  d) . No hyphae were seen inside the vascular system of the examined roots. The highest degree of colonization was observed in A. arenaria and L. hegelmaieri, while in plants such as C. canescens, S. ramosissima, P. serpentina, L. caesium and L. thiniense no hyphae were detected in the root fragments observed.
Out of the 61 plants examined (M. nana and O. fusca could not be processed due to their root size or structure), only five showed mycorrhizal associations. Three of these belonged to the Gramineae (Ammophila arenaria, Sporobolus pungens and Lygeum spartum). In Crucianella maritima (Family Rubiaceae), vesicles belonging to the Glomerales were observed frequently (Fig. 5e) . In Sideritis chamaedryfolia (Family Labiatae), intracellular arbuscules were observed occasionally (Fig. 5f ). With the exception of L. spartum, which was sampled in salt marshes, all plants displaying mycorrhizae were found in sandy soils. 
Discussion
Root endophytic fungal communities of natural vegetation in the Province of Alicante (SE Spain) were studied. A total of 319 fungal species or morphospecies were recovered from roots of 24 plant species in the 12 sites sampled. These sites included coastal or inland sandy soils, and coastal or inland salt marshes with natural (undisturbed) vegetation. On average, 3.3 species or morphospecies were isolated from roots per each plant individual. Previous studies have shown that the number of different fungal species associated with roots (not necessarily endophytes) of a single plant using cultivation-independent molecular approaches was found to be c. 50 fungal phylotypes or operational taxonomic units (OTUs, Vandenkoornhuyse et al., 2002; Neubert et al., 2006) . For the common reed (Phragmites australis), Neubert et al. (2006) predicted a theoretical number from 80 to 130 different OTUs within the roots, and from 270 to 350 OTUs in entire plants. However, because the use of cultivationindependent methods does not allow the physical storage of the endophytes, for further studies in this work, the classical methods of surface-sterilization and culture of root samples were selected in order to get pure endophyte cultures for future experiments on their biology and relationships with their hosts. Arnold & Lutzoni (2007) , isolating culturable leaf endophytic fungi from arctic, boreal, temperate and tropical plants, found 277 species out of 1403 isolates, which was lower than the estimated 335 species. In this study, we isolated 319 species or morphospecies out of 1830 isolates, which is similar to their findings. Sieber (2002) postulated that 3000-4000 root fragments have to be sampled to detect the majority of the species present in a given plant species. Around 20 species of fungal endophytes can be expected for a herbaceous host species, and from 30 to 40 species for a woody host. However, relatively small sample sizes, e.g. the ones in this study, are sufficient to detect the dominant species (Sieber, 2002) .
Most of the taxa identified in this study belong to ubiquitous genera. Acremonium, Alternaria, Cladosporium, Coniothyrium, Cylindrocarpon, Fusarium, Monosporascus, Penicillium, Phialophora, Phoma, Phomopsis and Rhizoctonia have commonly been cited as endophytes (Schulz et al., 1993 (Schulz et al., , 1995 (Schulz et al., , 1998 Ahlich & Sieber, 1996; Peláez et al., 1998; Fröhlich et al., 2000; Collado et al., 2002; Sieber, 2002; Schulz & Boyle, 2005) . Species of Cylindrocarpon, Fusarium and Phialophora usually dominate root endophytic communities, the two latter genera probably being specialized for colonization of herbaceous plants (Sieber, 2002) . Sterile mycelia were remarkably common, representing 55.5% of the fungal groups in this study. This has also been found in several other studies on root endophytes (Jumpponen & Trappe, 1998; Sieber, 2002; Addy et al., 2005) . In this study, each category of sterile mycelia was usually represented by only few isolates as was also found by Fröhlich et al. (2000) . This high diversity of sterile fungi may overestimate the real number of species (Arnold et al., 2000) .
The unequivocal proof of endophytic colonization of plants by fungi may come from direct optical microscopy (Bills, 1996) . Therefore, the root colonization of the sampled plants by endophytes was assessed by direct observation. In contrast to what was found using cultivation methods, endophytes were not observed in all plants sampled. Nevertheless, in many cases, detection of fungal growth within the roots was difficult due to the cortex structure (i.e. dark pigmentation or lack of specificity of the stain that also bound to plant cells). Nonextensive endophytic growth was observed in most cases, which could explain the difficulty in detecting the fungi microscopically. On the other hand, these single hyphae within the plant tissues may multiply when plated on a culture medium.
Little is known about the influence of environmental conditions on the composition of root endophytic communities. Both soil (Holdenrieder & Sieber, 1992; Ahlich & Sieber, 1996; Sieber, 2002; Schulz & Boyle, 2005) and plant community characteristics (Sieber, 2002) will influence fungal endophytic assemblages. Plant communities to which the species studied in this work belong are very diverse. Sandy soils and salt marshes may vary in their characteristics according to location, and therefore sampling sites at coastal and inland locations were selected. In any case, they represent environments under natural stress, by either drought or salinity. Surveys carried out in 2002 and 2003 were statistically similar with a P-value close to 1, indicating that the endophytic communities found in the same samples on two consecutive years were similar and therefore stable. The endophytic communities were dominated by similar species in each environment. Comparisons of dissimilarities between plants or sampling sites separated samples into two different clusters according to soil type. Comparison of the overall endophytic communities found between sandy soils and salt marshes yielded significant differences. In the ordination of plant species and sampling sites, no clear separation according to location (coastal or inland) was observed. It seems that soil type influences the colonization by endophytic fungal species to some extent, although ubiquitous species can also be found. The physico-chemical characteristics of a soil tend to select the fungal species more adapted to colonize the plant communities present. The origin of the soils seems to play a lesser role. The difference may also be due to the plants sampled, i.e. some plants were sampled at inland and coastal sites simultaneously, but never at different soil types.
The most frequently isolated fungal species in these investigations were found to dominate either in sandy soils (F. oxysporum) or in salt marshes (Aspergillus fumigatus and Alternaria chlamydospora). They were responsible for the dissimilarity found between these two soils as well as for the similarity between samples included in each of them. These species could therefore be considered to be good indicator species for these environments.
Each of the three Fusarium species studied showed a host preference. Fusarium oxysporum had a ubiquitous habit, occurring in most of the sites and plants. Fusarium oxysporum and F. solani were primarily isolated from the two sampled plants of the family Leguminosae sampled, L. creticus and O. natrix ssp. ramosissima, respectively. Fusarium equiseti, on the other hand, was isolated preferentially from salt marshes, and was significantly more common in the plant L. spartum. Fusarium oxysporum has been reported to be prevalent in legume species as a pathogen (Venuto et al., 1995) , and, in general terms, the genus Fusarium has been reported as a frequent endophyte in roots of plants from the family Gramineae (Sieber, 2002) . Generally, each pathogenic species or formae specialis of Fusarium causes symptoms within a narrow host range. It has been shown that these pathogens can colonize other plant species without causing disease (Sieber, 2002; Summerell & Leslie, 2004) . Pathogenic strains may arise in nature from existing nonpathogenic endophytes when potentially new host plants, such as crop species, are introduced into the same habitat (Summerell & Leslie, 2004) .
Fusarium oxysporum was ubiquitous and more abundant in sampling sites and plants compared with the rest of the Fusarium species. This is similar to what was found in previous surveys (Schulz et al., 1995 (Schulz et al., , 1998 Sieber, 2002; Schulz & Boyle, 2005; Vujanovic et al., 2006) . Furthermore, F. oxysporum was the most frequent species of all filamentous fungi obtained in these surveys, being 4.4 and 6.2 times more frequent than F. solani and F. equiseti, respectively. It occurred in 18 of the 24 plant species sampled, while F. solani was isolated from 10 plant species, and F. equiseti from six. Other Fusarium species obtained in this survey showed low isolation rates compared with other studies (Samson et al., 1995; Vujanovic et al., 2006) .
The TEF-1a gene allows an adequate discrimination of formae specialis or strains of specific Fusarium species (O'Donnell et al., 1998) , and has been commonly used for the intra-specific assessment of Fusarium species (JimenezGasco et al., 2002; Kristensen et al., 2005; Vujanovic et al., 2006) . The authors used it to study the intraspecific variation of the Fusarium species of different sampling sites or plants. In some cases, this intraspecific clustering could be related to isolation from a certain site or plant, indicating that a variation in the ecological preferences of different strains of the same species may exist. Edel et al. (1997) , using the intergenic spacer region (IGS), found that populations of nonpathogenic F. oxysporum colonizing wheat and tomato roots varied at an intra-specific level between the two hosts and differed from those in the surrounding soil, concluding that the roots of these plants have a selective effect on F. oxysporum. Alternatively, F. oxysporum may also have a host preference.
The richness of the fungal root endophytic community in natural vegetation under abiotic stress in Mediterranean environments opens up possibilities for further investigations on the role of endophytes at basic as well as at applied levels. Such studies are in progress in the authors' laboratory.
